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Abstract: The Re-Os isotopic dating of molybdenite is a classic method for dating the ore-forming ages of hydrothermal de-
posits. When the Carius tube was sealed at normal room temperature, the dating result of the prepared sample sometimes
appears to be older than its true age. It is inferred that this could be resulted from the partial volatilization of Os from add-
ed spike in the Carus tube sealing process of the sample with added spike due to the volatility of OsO,. In this paper, we
have improved the method for adding isotope spike into a Carius tube in the sample pre-preparation process for the Re-Os
isotopic dating of molybdenite. The isotopic spike was added independently into a small glass tube which was then put into
the sample solution-contained Carius tube for sealing at room temperature. This new method can result in the avoidance of
the partial loss of Os in spike due to the volatility of OsO, which was formed by the direct contact of added spike with add-
ed HNO, in the Carius tube before its sealing. Then the addition of acid into Carius tube and the sealing of Carius tube
can be performed at room temperature. In addition, our experimental results also show that relatively ideal dating results
can be obtained for the sample which had been dissolved at 180 C for 6 hours, whereas only the unstable dating results
deviated from the real values can be obtained for the sample which had been dissolved at 160 C for 6 hours. The dating
results for the molybdenite reference material JDC treated by using the newly improved method are in good agreement with
the certified values, indicating that the method is stable and reliable.
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FEF B, MR 2 B T R AL 2R 2 AR BT PR A A
2 Ak TR VR PR B I AF 5T H (Luck et al. , 1980; Stein
et al. , 2001; Creaser et al., 2002; Markey et al.,
2007; Li et al. ,2013; Huang et al. ,2013; Kemp et
al. ,2020) , M #EFHE" Re-Os [Al {7 % & 4 & K
W PR 28 M 52 4F J7 ¥ (Luck and Allegre, 1982 ; Birck
et al. ,1997;Du et al. ,2004) . M1 T Re* 5 Mo" &
TR AL H ReS, Fil MoS, #BJ& N7 i &, Re DL
Jo1 [Rl 08 A] DL AKE SR S A% v, 10 OsS, J& T 57
T5 d & ARMESE AR X A5 S0 0 5 3% Re, JL
AT Os; B8 FEHT AR A Re-0s £ HI1E,
B AR TR TR R O SR B — B0 2
Re-Os EH M) B % ¥ (Stein et al. ,1997,2001 ; Mar-
key et al. ,2007 ;Zhao et al 2020 ;Perell6 et al. ,2021) ,

1R GE R ME R TE 4F 7 RF T H R AR 3 B RIK
Hr 4 f 35 4T ( Shirey and Walker, 1995 ; £ 22 18 45 |
2001 ; 25 45, 2010) , B 115 58 K% 048 W 22 A 2k
TR, B P IR 28 P 0RE - 38 30 0 I 90 B9 1R
L B ok, LB Ik Os (9 48 % 451 2% ( Shirey and
Walker,1995; Du et al. ,2004) , [7] i} # 40 5 75 5 78
220 °C Z& 45 ¥ f# ( Shirey and Walker, 1995 ; ¥l % 18
S5 ,2001 5 55,2004 , 76 i i T % B0 3005 48 W] g
PR )3 R AR HE , S B2 90 R M, AR ST By 1k #i B
7055 TR L4 ik, DT B AR BE R Os e AR R 2R
MR RR BT BT RIS HE Ik,
FEAI A e A SH ™ 155 R A I 18] R0 B2 A5 00, B Y
i iz AR 75 3 R AT A i AL B8R PR E AT Y Re-0S
JE AR RS E AT AR

AR SCAE AT R R U 0 AR (Qi et
al. ,2013) , B i B 1) 8 7 JiC 8 P 3 10 IS8 AT 11%) 30 358
AN TR B BT R I B A R R I b R
B T BRI S S bt HNO, EfbmiE ki, hF
TE o i A o A% b B O BB HNO, 5 A, i B 55 AT
5 RS Re R Os 35 3 5853 1 [A) 7 R 14

WAL, F AT Ak X BH BT /Y o AR R R AT T OS2
95 K T A TR RE FEARE] 180 °C , LA R KREAL R I I
B HE 8 XU
1.1 UHERIIEEH

AR 2 56 AE R A B b sk Ak 2= BF R T R
M BR A 27 ] 5 T S 0 58 A, il AR O B
A4 7= B Plasma Quant MS 45 B F K F %%, (X #%
2% HNO, %W Re Ml Os 75 53 — /M 10
cps (counts per second ), ¥ #% R B & A & N,

Fr— JLAF HESHD Re-Os [ {07 38 52 4 i Ak 2y 325 o

1 ng/mL In & 300000 cps, 1 ng/mL Th >} 200000
cpso AUARBEE IR 1, M 7 b iy W) 42 3R 50 1
KB LM A Ir 3547 W R AZ GE ) A IE 5t B DL
Schoenberg 2§ (2000) ,

%®1 ICP-MS I{EB#
Table 1 The ICP-MS instrumental operating parameters

TAESH B S TAESH B S
RF % 1300 W I RT3 B 90
WA 9. OL/min H R B G 50
B R 1.35 L/min IG5 55 375 60
FHR M E 1.00 L/min A& 8
H— R EUE B -290 B B4 i i) 20 ms
B RIGES -680 EEET R/ €1 20
9 IR BUE BT -550 FALE IR 3%C
bipiia: -490

1.2 ZTHHMBREEKXF

HCL: T 43 Hr 4l HCl 23t R ZE 18R 4l

HNO, % 1 8 43 4l HNO, A 3000 mL #F
e FE L B B A E B 24 30 min DL KR Os, SR
JE AT R ZE AR A, SR 4S9 HNO, R AT
1000 mL /1 PFA i, & T KA R KR =& H
(-18C),

R4 Re Fl Os [ ZFi B : Re A1 Os [F 1 3
i T 300 Ak 2 W Fh L 4 TR G A, L VR B 43 50 S 100
pg/mL Hl 10 pg/mL 10% HCl % ¥, 547 T vk A6 o,
B A [ A7 R B B 59 vk BE 41 8 ' Re 700 ng/mL
F'°0s 20 ng/mL,/ﬁ\:EEEﬁ'JL"%% 25

x2 EUEBRBENFE
Table 2 Isotopic abundances of the spike

R o 2 FHE/ % Al 0 2 F R/ %
18705 0.014 192 ()¢ 4.82
05 0. 055 5 Re 94. 36
%05 3.57 """Re 5. 64
005 91.53

BB 1 22 # M B : Bio-Rad AGIX8 (200 ~ 400
H) 530 g Bt BE e A AR 20 mm 1) 37 55 38 4 bt
H, B 200 mL 9 mol/L HNO,# ¥, 2k )5 F 6 mol/L
HCL Kk ¥E , S5 A 10 mL 1 mol/L HCl W AR 1 T
50 mL 208 &R,

RIEHTAE .50 mL AT H 8 RS A, 1 Tk
5t Synthware 355 {5 A R A A T IEHER % £ &R
4 BATIN T BRI AR BRI Qi 4§ (2013)

BT 25 E Parafilm £ 115 (PM996)

PEIE/NE (6 mmx60 mm) . F F e [7) 1 2 7
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B BT 6 mm PN AR B BE A, FH 4 WA 4 O 4 R
60 mm A AT, IR BE I A O O AU (i
FH 50% F /KGR S il bR 25 0 Uk 3 b, PR 4K 0 Uk
JEMT ., FHZ 9 mmx9 mm B — F 35 0 —
Ui B4 IR A R RN AL R

Os BE W . A A7 m L, KB R W Qi 4
(2010) ,

1.3 XWHE

HEHR PRI 20 ~ 50 mg WEEH A HF 5 B F o] # & ff
B R #EAE S, A 1 mL HCL,3 mlL % % HNO,,
N O % AT TR A W R R Y B B /N A R I
Brp 7 B 3 B - U E T FUOR B BB R I
Wi % B (Qi et al. ,2013) , A RGP E T,
BHFHA PR E 185 C 12 h, BUR R HIEEE,
AVKFE R R PR 3, B C R 20 R Is g 4T
FELIMAZ) 3 mL K, #4522 [ #il i AL Os ZEIR R 50
(Qi et al. ,2010,2013) , FHZ 80 C /KA XF = 3% W4
HEAT I S5 ZE A8 24 20 min, WU RAAFR 2 1.5
mL, WA T 1ICP-MS U %E Os,

W 28 VA T B & 50 mL BEES BEAR T, 2%
F, 4 10 mL 2 mol/L HCI ¥ fi# , 76 32 e A v 37 %%
0.3 mL &b HRAF (4 B 25+ s e it g, B4R S 15 mL
2 mol/L HCI #k ¥ 44 BT, I+ H 20 mL 9 mol/L HNO,
Ve B Re , 25 T 5 FH 5% HNO, iFf#HE A% 2~
3 mL WA AT ICP-MS Il 8 Re (54 ,2006)

2 HREI®

2.1 FHEEFINFE S

AIXTFH5 B P Y Os, B 5 Y Os 384 B0
WO . R, 7R RIS A B R, S A
AALTERY HNO, B, 32 B & 461 2% 1 02 i B ) vh iy
Os, BRI 281Z J5 ¥E AL 35 B o M A5 0 FF 5 AF I8 45
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S o AR S O AR P AR YRS 9 HNO, (- 18
C), ARSI 0s I IEHE L, BAITE
B S T 5 HNO, KR A BT | B AR 4 R
RYIFER HR ) HNO, AN & & A ., Wik, B
T B AE RIS A BT AR BN 5 HNO, 2 il
BRI 52 AR 5 T 6F R 9 s AT %

AR ICK 6 mmx60 mm Y B 55 /N E B O R
HC— it 5 B TR B, 78 % BT AR
W T OB 0 b O R TR B R
BT DA SRR O A R ) 5 e M HINO, B R R
T WA R B B B PR BRI TP 0s 5 HNO, 2 i
BAEA R T B R A i A
FEREIT, B0 AR 2 S 5 R HNO, N 8 7 i, il
AR BER ] 5RE S B Re M1 Os 35 2 78 23 59 A 42
2.2 BHEREREIE

TR A A 8 A A 0 T i 3 R o R
£ 220 C#Yy 24 h AT IHME (AL TESF,2001) o 7EIX
TERE TR, R A MR BR300
PR TS Je AL SR . S, AT 1A S e
MR AL XZ A5 AT Tk B R0 B[] 7 9 £ 2%
S i BT AR RS R WK 3, thk 3
AL B AR R AR RN 6 h IR R 180 °C I ik
g A5 21 45 Ay BHLACU I A7 08 25 21 5 T Y IR R & 160 °C
VEREIE AT R 6 h B 35 Ji 0 A5 1) 4 % 4 7™ 5 0 o
HERARE, B £ 3 07 W, Re M 5E 45 5 4 X Fa
T Os i 22 7™ 5, 3 BOBE AR 15 25 2L 52 31 5% )
YLEHAEIR E N 160 C FEFERTIEI R 6 h B 3 Wb i
Os [AI 7 Z BA IR P4, O DR IE 52 30 45 R T 5 ) AR
7R AE IR S 185 °C I IE] Ky 12 h, 78 I I
VAR R K B BEAT T % % 304 R O Y XU, L RB AR
) 5 B AL A i 2

x3 ATREE. WHETHEEYEERF(XZ)HUNEER

Table 3 Analytical results for the molybdenite reference ( XZ) which were treated under conditions of difference

temperatures and times

. » Re/(ng/g) 187()s/(ng/g) AR R/ Ma
P > ‘{JII:IUE E\JA luj NI = a N N e a
& HLAE 7€ {H +SD W5 +SD* W 72 {H +SD
/C /h
N=5 N=5 N=5
N-TIMS® 220 12 31 987+265 17.6+0. 19 52.6+0. 8
XZ-1 200 12 32 066+350 17.22+0. 15 51.5+0.5
XZ-2 180 12 32 527+455 18.51+0. 17 54.5+0.5
XZ-3 180 6 32 701+£336 18.7+0. 15 54.8+0.4
XZ-4 160 6 32 381+405 65.9+0.72 195+2.0

T sa FIR SD NARUENG 22 ;b FoR Al — ¥ 5 Y RE 45 R 10T B9 {H ;¢ 0K N-TIMS Il 2 4521
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Tr— L&  HESAT Re-Os [A i 38 % 47 AT Ab 215 126 ik

x4 ZTBEEAH/HER
Table 4 Analytical results for the method blanks

Re E3H Os 187 ()
W 7€ A AT E B W 7€ 6 AN E B W 7E H AT E B
/(ng/g) (lo, n=5) /(ng/g) (lo, n=5) /(ng/g) (lo, n =15)
RS F-1 0.03 0.01 0. 00 0.00 0. 00 0.00
M -2 0.01 0.01 0. 00 0. 00 0. 00 0. 00
I /NE -1 0.01 0.02 0.00 0. 00 0. 00 0. 00
YRS/ -2 0.03 0.02 0. 00 0. 00 0. 00 0. 00
HF 011 0.49 0.11 0. 04 0.01 0.03 0.00
02 0.52 0.08 0.05 0.02 0.03 0.01
A EFE 1o i ICP-MS X [/ — R 4T 5 WP AT I E S 3,
2.3 mESWER \
3 @

FEHT IR 9250 J7 ¥, oy il s 1AL BRE Y 3E5
/N9 mmx9 mm F FBE A 50 mL R,
A 1 mL HCIL,3 mL HNO, ,# bR 43 #r fi FE %+ Re Al
Os FEAT 4> 8 & 4, H 1CP-MS Il 52 =5 M {8 25 1 WL
4,

Fe 4 25 B A A O B AR B
ST AR DUV AR B &, BT 9 mmx 9 mm JiT it 43 5]
90.0228 g Fl 0.0239 g; B, ik A 5 5 15 I VA 1)
Re<0. 00 ng,0s<6x107° ng, ] LA Ky X BE & 72 A 5%
i) 2 W ANt

HERAFRI 0. 02 ¢ 2247 R 4H B AR FE IDC T2
50 mL ) R H, A 1 mL HCI #1 3 mL
HNO, , 7£ 185 °C #4312 h, 4 L3 5 A I 72 %)
Re F1 Os #4773 85 & %, & J5 F 1CP-MS % , )
SELER UL 5, AR I e g5 RS R LR
—3,

x5 BHEYTREIDCHINER
Table 5 Analytical results for the molybdenite

reference material JDC

Re/(ng/g) "%70s/(ng/g) A%/ Ma
JbC W 72 {H +SD* M 5E {H+SD" W % {6 +SD"
N=5" N=5' N=5"
Certified* 17360+320 26. 46+0. 60 139. 6+3. 8
JDC-1 17124£172 25.210.21 141.0x1.2
JDC-2 17585+385 25.930.25 141.221. 4
JDC-3 17225£206 25.34£0.24 140.921.3
JDC-4 17627+458 25.42£0.29 138.1x1.8
JDC-5 17518+388 25.54£0. 54 139.623.5
FHME 17416+227 25.49+0.27 140.2£1.3

Hica Fon SD M bR 22 ;6 4 IR) — W0 5 UC DN A 45 2R B~ 2 {1
¢ 4% Du %5 (2004) . R=("20s/"°08) o/ (192/190)° 531 Z 8
F=ln[ ("1 ) g/ CP 1/ ) g 1710 (193/191), (" 1y
M) g = 1. 682 979, 8 1E JFHE L Schoenberg 4 (2000) ,

(1) A SEI XA 50 59 77 3k 47 ehot, O
Tl B2 L ok 8] HEA T A A, 388 ek B A A R ) 5
W EKRRIT A RSB T RIR S R IR X
e G2 (¥ RV VR S B A g B (R R il 20 fie 1Y
I JEE R[] A S 05 25 SR R W, 180 “C{H fif 6 h R ]
IR AR, (A e B 2 T

(2) AHA T RESH AT, BBk | 2B B 45 A1 Ak ) B
il 5 T ik, T A BRI Os P TB] S, AH L T 4% 51
7 5y 3K BP0 AR T 35 AN U T RS T R
fh o i, WIS T BER AT B T TR D AE B AL WA
a1 53 0 o
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